A general solution of the Schwarzschild's problem obtained by taking into account a new coordinate condition. The result differs from Schwarzschild's standard and "old" (physics/9905030) solutions. New metric contains singularity only at the point r=0 and it is free from the horizon problems. It is shown that the Einstein theory of gravitation can not contains the black holes and this fact can be experimentally tested.
The Schwarzschild's problem
The general form for the spatially symmetric static line element of a mass point is (notations by [1] ): 
where x 0 = ct, x 1 = r, x 2 = ϑ, x 3 = ϕ, and ν(r), λ(r), µ(r) are some functions. The problem is in finding these functions by using the field equations.
For obtaining the general solution of the problem we shall solve an auxiliary problem with simplified form of the line element:
where α(R), γ(R) and R(r) are some functions of r. Here the standard Schwarzschild solution for this case is [2] :
where r g = 2km/c 2 is the gravitational radius. This solution is not the final solution of our problem because R is only the auxiliary function for the simplification of the problem which is defined as:
The physical coordinate is r and we must obtain the unknown functions in terms of r.
In his first paper [2] Schwarzschild had obtained the relation:
This relation was the result of Einstein's old gravitational equations with a special condition for the determinant of metric:
Our new exact result is:
which we obtain from the full Einstein equations for the gravitational field of the mass point with a coordinate condition ν(r) = −λ(r).
For the line element our new solution is:
Other forms of this formula are:
and:
This line element is free from singularities in all regions of space-time with the exception of the point r = 0. But a particle with mass m has the Compton lengthh/mc and quantum fluctuations exclude an appearance of the gravitational singularity.
Proof of the solution
The components of the metric tensor are:
The invariant volume element is:
Therefore:
and
The coordinate condition ν(r) = −λ(r) simplified this relation and invariance of the volume element leads to the solution R ′ = 1 and R(r) = r + const. Now we will obtain this result from field equations. By using the Cristoffel symbols:
we construct the Ricci tensor:
and obtain components of the Einstein tensor:
As the result we have equations:
Then we have:
and for the case λ ′ = −ν ′ we obtain:
The substitution µ ′ = p leads to:
where ρ is an integration constant, and
Then the second integration gives:
Here the infinity condition for e µ → r 2 requires b = 1 for the integration constant. So, taking into account the definition of R(r) we obtain:
The continuity condition for the line element requires that the metric must be regular for all values of r without any singularities, with the exception of the origin r = 0. For the line element Eq.(3) this condition requires the value of the integration constant ρ = r g , and finally we obtain:
which after substitution into Eq(3) leads to Eq.(8)-(10).
The Kerr solution
Kerr solution for finite size rotating body is [1] :
Here:
In the limit a → 0 this metric must transforms into the metric for the mass point with:
and it is natural to take this formula as the simplest relation between R and r for the case of rotating bodies with Kerr's metric also.
We see that after this ansatz the Kerr's line element becomes free from singularities for the finite size objects with a > 0:
4 The Experimental Tests
On the basis of the new general solution of the Schwarzschild problem we can conclude that: 1. The Einstein theory of gravitation can not contains horizons and black holes. This theory can fulfills the strong causality requirements (the exceptions on the origin are not physical singularities and they can be excluded by quantum fluctuations). The impossibility of the gravitational collapse and the nonexistence of black holes can be tested by measuring the contribution of new terms in solution to the standard gravitational effects of the Einstein theory.
2. The theory differs from the standard Schwarzschild metric in the second order terms and these new 1/c 4 terms contribute to all measurable gravitational effects and the existence of this difference can be tested in the near future.
I shall discuss the experimental consequences of the new solution in forthcoming publications. Many thanks to S.Antoci and A.Loinger for the publication of the old paper of K.Schwarzschild [2] which offers a clearer view of why and how his solution can be revised.
